Trace fear conditioning, in which a brief empty ''trace interval'' occurs between presentation of the CS and UCS, differs from standard delay conditioning in that contributions from both the hippocampus and prelimbic medial prefrontal cortex (PL mPFC) are required to form a normal long term memory. Little is currently known about how the PL interacts with various temporal lobe structures to support learning across this temporal gap between stimuli. We temporarily inactivated PL along with either ventral hippocampus or amygdala in a disconnection design to determine if these structures functionally interact to acquire trace fear conditioning. Disconnection (contralateral injections) of the PL with either the ventral hippocampus or amygdala impaired trace fear conditioning; however, ipsilateral control rats were also impaired. Follow-up experiments examined the effects of unilateral inactivation of the PL, ventral hippocampus, or amygdala during conditioning. The results of this study demonstrate that unilateral inactivation of the ventral hippocampus or amygdala impairs memory, while bilateral inactivation of the PL is required to produce a deficit. Memory deficits after unilateral inactivation of the ventral hippocampus or amygdala prevent us from determining whether the mPFC functionally interacts with the medial temporal lobe using a disconnection approach. Nonetheless, our findings suggest that the trace fear network is more integrated than previously thought.
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Introduction
Trace fear conditioning provides a powerful model system for studying the contributions of prefrontal cortex and the medial temporal lobe to memory. Trace fear conditioning, like standard ''delay'' fear conditioning, requires the association of a neutral conditional stimulus (CS) and an aversive unconditional stimulus (UCS). Trace conditioning differs from delay conditioning by the addition of a stimulus-free ''trace'' interval of several seconds separating the CS and UCS. While delay conditioning is largely dependent on the amygdala (Phillips & LeDoux, 1992) , trace conditioning requires a more distributed network of structures. Several studies have demonstrated a role for the dorsal (DH) and ventral (VH) hippocampus (Czerniawski, Yoon, & Otto, 2009; Esclassan, Coutureau, Di Scala, & Marchand, 2009b; McEchron, Bouwmeester, Tseng, Weiss, & Disterhoft, 1998; Quinn, Oommen, Morrison, & Fanselow, 2002; Yoon & Otto, 2007) , and extra-hippocampal areas (Bang & Brown, 2009; Esclassan, Coutureau, Di Scala, & Marchand, 2009a; Kholodar-Smith, Boguszewski, & Brown, 2008) in the acquisition of trace fear conditioning. The amygdala has received surprisingly little attention in trace fear conditioning, but existing data support a role for this structure in trace fear acquisition (Kwapis, Jarome, Schiff, & Helmstetter, 2011; Selden, Everitt, Jarrard, & Robbins, 1991 , but see Raybuck & Lattal, 2010 . Recent data from our laboratory showed that disruption of protein synthesis in the amygdala immediately following trace fear conditioning impairs consolidation of CS and context memories (Kwapis et al., 2011) . The medial prefrontal cortex (mPFC) has also been implicated in trace fear memory processes (Baeg et al., 2001; Blum, Hebert, & Dash, 2006; Gilmartin & McEchron, 2005b; Runyan, Moore, & Dash, 2004) and we have shown that the prelimbic (PL) area of the mPFC is necessary for trace, but not delay, fear conditioning (Gilmartin & Helmstetter, 2010) . Temporary inactivation of PL with the GABA A agonist muscimol or temporary inhibition of prelimbic NMDA receptors with APV prior to training impaired the formation of CS and context memory for trace, but not delay, fear conditioning (Gilmartin & Helmstetter, 2010) .
The dependence on mPFC and medial temporal lobe in trace fear conditioning suggests that memory formation may require communication between these two regions, but a functional interaction between mPFC and hippocampus or amygdala has yet to be
